Introduction {#sec1_1}
============

Alzheimer\'s disease (AD), the most common cause of dementia, presents an enormous health, social, economic, and personal challenge given the large and growing number of older people affected by the disease worldwide \[[@B1],[@B2],[@B3]\]. Informal caregivers, typically family members, play a major role in caring for AD patients living at home, and the cost of informal care in AD represents the largest component of societal costs \[[@B4],[@B5]\]. Caregiver burden can be defined as the caregiver\'s perception of the physical, emotional, economic, and social cost of the caregiving relationship \[[@B6]\]. Identifying patient and caregiver characteristics associated with the caregiver burden is an important step towards determining interventions that may alleviate the burden of caring for patients with AD and may result in cost savings \[[@B7]\].

Increased caregiver burden has been associated with increased risk of AD patient hospitalization \[[@B8]\] and a faster time to institutionalization and death in AD patients \[[@B8],[@B9],[@B10]\], as well as early mortality for caregivers themselves \[[@B11]\]. This is despite the positive aspects of caregiving, which include companionship, reward, and enjoyment \[[@B6],[@B12]\].

The caregiver burden increases with greater AD severity, and both patient and caregiver characteristics have been found to explain greater caregiver burden, with some differences depending on the caregiver-patient relationship \[[@B6],[@B13],[@B14]\]. Although the caregiver relationship to the patient with AD is often reported amongst the potential factors affecting caregiver burden, findings of different studies are conflicting. In some studies, adult children experienced the highest level of burden \[[@B15],[@B16],[@B17],[@B18]\], in others spouses had a higher burden \[[@B19],[@B20],[@B21],[@B22],[@B23]\], whereas some other studies reported no significant differences in burden between these caregiver groups \[[@B24],[@B25],[@B26]\] or that the caregiver relationship to the patient was not a determinant of caregiver burden \[[@B27],[@B28],[@B29]\]. Conde-Sala et al. \[[@B13]\] directly compared factors associated with burden in caregivers who were adult children or spouses of AD patients. Using the Zarit Burden Interview (ZBI), a widely used instrument for measuring subjective caregiver burden in AD \[[@B30]\], a greater level of burden was found in adult-child caregivers than in spousal caregivers \[[@B13]\]. This highlights the caregiver relationship to the patient as an important factor when assessing caregiver burden. However, further studies are required as the Conde-Sala study was conducted in an individual country (Spain) and included relatively small samples of adult-child and spousal/partner caregivers \[[@B13]\]. Differences in the burden perceived by spousal and adult-child caregivers may also be influenced by disease severity \[[@B13],[@B31]\]. Previous studies of community-dwelling AD patients focused mainly on patients with milder forms of the disease or did not directly report burden according to AD severity, but we have recently found in the GERAS study, a large multinational observational study that included a relatively large number of patients with more severe AD, that caregiver burden increased with increasing AD severity \[[@B32]\]. Exploring factors influencing caregiver burden separately in adult-child and spousal caregivers of a large population of patients with mild, moderate and more severe AD will identify differential factors and allow better targeting or tailoring of interventions to reduce caregiver burden.

The objectives of this study were to explore the associations between patient and caregiver characteristics and clinical factors, and subjective caregiver burden in adult-child and spousal caregivers participating in the GERAS study.

Methods {#sec1_2}
=======

Study Design and Participants {#sec2_1}
-----------------------------

GERAS is an 18-month prospective, multicenter, naturalistic, observational cohort study reflecting the routine care of patients with AD in France, Germany, and the UK. The main aims of the study were to evaluate costs and resource use associated with AD for patients and caregivers. The study design and methods have been described in detail elsewhere \[[@B4]\].

Briefly, investigators, mostly from specialist secondary care clinics ('memory clinics'), enrolled community-dwelling patients aged at least 55 years, diagnosed with probable AD according to the National Institute of Neurological and Communicative Disorders and Stroke and Alzheimer\'s Disease and Related Disorders Association (NINCDS-ADRDA) criteria \[[@B33]\], with a Mini-Mental State Examination (MMSE) \[[@B34]\] score of ≤26, and who presented within the normal course of care. Patients with other potential causes of dementia were excluded from the study. Enrolled patients were also required to have a primary caregiver who was willing to participate in the study and be responsible for the patient for at least 6 months of the year. 'Primary caregiver' was defined as an informal carer who, according to the family, was the person who normally takes most responsibility for the day-to-day decisions and provision of home care for the patient.

All patients (or their legal representative) and caregivers were required to provide written informed consent before entering the study, which was approved by ethics review boards in each country according to country-specific regulations. Study enrolment was from October 2010 to September 2011. Patients and caregivers were evaluated at baseline and could attend up to three assessment visits at 6-month intervals during the 18-month study period, thus reflecting the routine care of patients with AD. This article reports a post hoc analysis of the baseline data from this study.

Patients were stratified according to disease severity at baseline using MMSE criteria based on UK clinical guidelines \[[@B35]\]: mild AD (MMSE score = 21-26), moderate AD (MMSE score = 15-20) or moderately severe/severe AD (MMSE score \<15). As the study aimed to recruit equal numbers of patients in each of the three severity groups, the sample size was calculated on this basis together with a potential dropout rate of 20% each year during the study, as reported previously \[[@B4]\].

Data Collected {#sec2_2}
--------------

Patient information collected at baseline included age, gender, marital status, number of years of education, time since AD diagnosis, living arrangements, comorbidities and whether or not they had experienced a fall in the past 3 months. Cognitive function was tested using the MMSE \[[@B34]\] and, for patients with mild or moderate disease severity, the cognitive subscale of the Alzheimer\'s Disease Assessment Scale \[[@B36]\]; these scales were completed by the investigators. Patient functional ability was assessed by caregivers using the Alzheimer\'s Disease Co-operative Study of Activities of Daily Living Inventory (ADCS-ADL) \[[@B37]\]. Behavioral symptoms, and caregiver distress caused by these symptoms, were evaluated by caregivers using the Neuropsychiatric Inventory (NPI) \[[@B38],[@B39]\].

Caregiver information collected at baseline included age, gender, relationship to the patient, marital status, whether they live with the patient (yes/no), whether they are the sole caregiver (yes/no), employment status (working/not working for pay), and medical conditions.

Caregiver burden was assessed using the 22-item ZBI \[[@B30]\], a self-reported instrument that includes questions on caregiver stress, time available for self, and impact of caring on the caregivers\' social life. Responses to each item are recorded on a 5-point scale (0 = never, 4 = nearly always). The ZBI total score has a range of 0-88, with higher scores indicating greater burden.

Caregivers completed both the caregiver and patient-proxy versions of the EuroQol-5 Dimension Questionnaire (EQ-5D) \[[@B40]\], providing estimates of both the caregiver\'s and patient\'s health-related quality of life (HRQoL).

Caregiver resource use during the month before the baseline visit was assessed using the Resource Utilization in Dementia (RUD) instrument \[[@B41]\]. The RUD was administered by the physician and answered by the caregiver. This included information on the time spent caring for the patient in three distinct areas of care: the number of hours spent on assisting basic activities of daily living (ADL), the number of hours spent on instrumental ADL, and supervision time.

Statistical Analysis {#sec2_3}
--------------------

Analyses were performed on two groups of caregivers: adult children and spouses. Caregivers whose relationship to the patient was reported as friend or any other relationship were excluded from this analysis. Relationship status was collected using the RUD questionnaire, and the responses for husbands and wives were combined to form the spousal group (which may have included the patient\'s partner in some cases as the RUD does not specify how people who are partners or cohabiting with the patient should respond).

Descriptive statistics (means and SDs or frequencies) were used to summarize all variables, including demographic and clinical characteristics, and were based on nonmissing observations. Comparisons between caregiver groups used Cochran-Mantel-Haenszel tests for categorical data, stratified by country and MMSE severity group. For continuous variables, the p values were taken from the type III sum of squares general linear regression model (using PROC GLM in SAS), which assumes the data are normally distributed, and includes the factors caregiver-patient relationship, MMSE severity group and country.

A backward selection method was used for separate multivariate general linear models (GLMs, using PROC GENMOD with the identity link function) for the adult-child and the spouse cohorts to identify which patient and caregiver factors were independently associated with the ZBI total score. This model assumes that the probability distribution is normal. Country and MMSE severity group were forced into the model while other factors were removed from the model based on an exclusion criterion of p \> 0.05. In addition to country and MMSE severity group, the variables included in the initial model prior to the backward selection process were: (1) *patient factors:* age, gender, living location (urban/rural), ADCS-ADL total score, years of education, duration of disease, experienced a fall in the past 3 months, and number of comorbidities, and (2) *caregiver factors:* age, gender, lives with patient (yes/no), sole caregiver (yes/no), working for pay (yes/no), number of medical conditions, NPI distress score, time spent caring for basic ADL, instrumental ADL, and supervision time. The deviance R^2^ (R^2^~DEV~) was calculated for each of the GLMs.

Sensitivity analyses were used to explore the relationship between cognitive and functional measures on the ZBI. The ADCS-ADL score was removed from the model selection, while keeping the MMSE score in the model. For functionality, the relationship between the ADCS-ADL and ZBI was explored in both caregiver groups through alternative GLMs which replaced the total ADL score with the ADL-instrumental and ADL-basic subdomain scores, and with the scores for the four subdomains of basic activities, household activities, communication, and outdoor activities.

Because caregivers of patients with dementia report high rates of depression \[[@B10],[@B42]\] and depression has been reported as a predictor of caregiver burden as assessed using the ZBI \[[@B43]\], we wanted to investigate the impact of caregiver depression on burden in our study population. A further GLM included the presence of caregiver depression (yes/no) in the final model. All sensitivity analyses for the adult-child model were run with the 'caregiver lives with the patient' factor included. The different sensitivity analyses were compared using the Akaike information criterion (AIC) model fit statistic from the GLMs.

All data were analyzed using SAS software, version 9.2 (SAS Institute, Cary, N.C., USA). Statistical significance was considered to be p \< 0.05.

Results {#sec1_3}
=======

The study cohort included 1,497 patients with AD, 985 with spousal caregivers and 405 with adult-child caregivers. The remaining 107 patients were excluded from the analysis because their primary caregiver at baseline was reported as being a friend or another person who was not the spouse or adult child of the patient (caregiver-patient relationship status was missing for 3 patients). Thus, a total of 1,390 caregivers were analyzed: 985 (70.9%) spousal caregivers and 405 (29.1%) adult-child caregivers.

Table [1](#T1){ref-type="table"} summarizes the patient and caregiver characteristics at baseline by caregiver relationship to the patient. Patients with adult-child caregivers were older, predominantly women (82.5%), mostly widowed (75.8%), had a shorter mean time since AD diagnosis and a shorter duration of education, 49.1% lived alone in their own home, and 18.9% had experienced a fall in the past 3 months. The adult-child caregivers were mostly women (74.6%), 58.3% were working for pay, and 27.2% were the sole caregiver, whereas the spousal caregivers were older, fewer were women (58.8%), 72.0% were the sole caregiver, 91.5% were not working for pay, and they had a higher number of medical conditions. Almost all (99.2%) of the spousal caregivers lived with the patient.

In the adult-child caregiver group, there were 133 (32.8%), 136 (33.6%) and 136 (33.6%) patients with mild, moderate and moderately severe/severe AD, respectively; the corresponding numbers in the spousal caregiver group were 400 (40.6%), 298 (30.3%) and 287 (29.1%). The caregiver burden (unadjusted mean ZBI total score) was higher with greater AD severity in both groups of caregivers (fig. [1](#F1){ref-type="fig"}). A GLM of the ZBI using the MMSE severity group, caregiver-patient relationship and the interaction between the two as factors showed that both the MMSE severity group (p \< 0.001; i.e., greater burden with higher AD severity) and caregiver-patient relationship (p \< 0.001; i.e., adult-child caregivers have a higher burden than spousal caregivers) were statistically significantly associated with ZBI total score, but that the interaction between MMSE severity and caregiver-patient relationship was not significant (p = 0.23). Thus, there is no evidence that ZBI total score behaves differently across AD severity groups depending on the type of caregiver.

Table [2](#T2){ref-type="table"} reports the least square mean differences and associated p values for the caregiver-patient relationship factor in the GLMs for baseline clinical characteristics. The models show some differences in clinical characteristics between patients cared for by adult-child caregivers versus spousal caregivers. Although the patients with adult-child caregivers had a shorter duration of disease (table [1](#T1){ref-type="table"}) and better functional abilities in instrumental ADL and the subdomain of household activities, they had worse scores in the ADL basic activities subdomain, more behavioral problems (NPI total score; NPI subdomains of psychosis, affective and apathy) and a lower HRQoL (EQ-5D index and visual analog scale scores) than the patients with spousal caregivers.

Adult-child caregivers had a greater caregiver burden than the spousal caregivers (unadjusted mean ZBI total score: 31.8 vs. 28.1, respectively; p \< 0.001; table [2](#T2){ref-type="table"}). The adult-child caregivers spent less time on all aspects of caregiving (basic ADL, instrumental ADL, and supervision) and had a better HRQoL compared with the spousal caregivers (table [2](#T2){ref-type="table"}).

The results of the final GLMs (table [3](#T3){ref-type="table"}) indicated that a lower caregiver burden (ZBI total score) was independently associated with better patient functional ability (higher ADCS-ADL total score) in both groups of caregivers. Disease severity (MMSE) was not independently associated with caregiver burden once other variables were taken into account. Also, a higher caregiver NPI distress score was independently associated with increased caregiver burden for both adult-child and spousal caregivers. For adult-child caregivers, a higher burden was associated with living with the patient, patient living in an urban location, and whether the patient had experienced a fall in the past 3 months. For spousal caregivers, a higher burden was associated with the caregiver being female, being younger, and when the patient had spent more years in education.

Sensitivity Analyses {#sec2_4}
--------------------

When the ADCS-ADL total score was excluded from the final model, AIC statistics showed a slightly poorer model fit. Without ADCS-ADL total score in the spousal model, the MMSE severity group was significant, and caregiver time for basic ADL and instrumental ADL and disease duration were included in the model, whereas in the adult-child caregiver model, the MMSE severity group remained nonsignificant, and no additional factors entered the model.

Replacing the ADCS-ADL total score with the instrumental and basic ADL subdomains showed that the association of functionality with burden was predominately associated with the instrumental subdomain for both of the caregiver-patient relationship cohorts.

Replacing the ADCS-ADL total score with the four ADL subdomains (basic activities, household activities, outdoor activities, and communication) improved the model fit (based on the AIC statistic) for both caregiver cohorts. In the spousal model, household activities and communication were statistically significant in the model, and higher scores were associated with a lower burden. In the adult-child model, only the communication subdomain was statistically significant; an increase in the scores for ADL communication was associated with a lower burden.

Inclusion of caregiver depression as a specific condition improved the model fit (based on the AIC statistic) for both the spousal and adult-child models. Higher burden scores were associated with the caregiver reporting depression.

Discussion {#sec1_4}
==========

Our results show that two thirds of the patients with AD in the GERAS study cohort were being cared for by their spouse at the baseline assessment, and that adult-child caregivers appeared to experience a higher burden than spousal caregivers despite spending less time caregiving. Regression analysis showed that patient functioning and caregiver distress due to patient behavior were both associated with caregiver burden irrespective of the caregiver-patient relationship. Disease severity (MMSE) was not an independent determinant of caregiver burden due to the strong association between patient functional ability and disease severity. Additional patient and caregiver characteristics were differentially associated with the burden experienced by adult-child and spousal caregivers. These findings imply that the caregiver\'s relationship to the patient should be considered when implementing interventions for reducing caregiver burden and improving the care of community-dwelling patients with AD.

Although the GERAS study baseline results are generally consistent with those of some previous studies (e.g. Conde-Sala et al. \[[@B13]\]), our study has a particular strength in that it was conducted in a large cohort of community-dwelling patients, with a wide distribution of AD severity (including more severe AD), and with their family caregivers in multiple countries. Other studies tended to be conducted in individual countries, in much smaller samples, and to focus on patients with milder AD.

Consistent with data from Spain \[[@B13]\] and other studies \[[@B15]\], we found that the caregiver burden was greater in adult-child caregivers than in spousal caregivers. Subjective reasons for this have been attributed to spouses living with incremental increases in disease severity and gradually adjusting to this way of living, whereas the adult-child caregivers may experience considerable disruption to their usual lifestyle and may have to perform other family duties in addition to caring for their parent with AD \[[@B13]\]. In contrast, some researchers have found that spouses of patients with dementia experience a greater burden than adult-child caregivers \[[@B20],[@B21],[@B44]\]. For example, in Korea, spousal caregivers reported a higher burden than either adult-child caregivers or daughters-in-law, with the latter group forming the largest group of caregivers for older family members in that country \[[@B44]\]. Additionally, data from a population-based survey in Latin America, India, and China showed that children/children-in-law had similar ZBI scores to spousal caregivers, whereas other types of caregivers had a lower level of burden \[[@B24]\]. It is likely that cultural traditions in caring for frail older parents are an important factor influencing the differential findings from these studies.

In the GERAS study, the two factors independently associated with caregiver burden in both adult-child and spousal caregivers were patient functional abilities (ADCS-ADL total score) and caregiver distress due to the patient\'s behavioral symptoms (NPI distress score). Better patient functioning (ADCS-ADL total score) was associated with a lower burden in both types of caregiver, although the estimates in table [3](#T3){ref-type="table"} indicate that the impact was greater on spousal caregivers, almost all of whom lived with the patient. Our results are consistent with those of Conde-Sala et al. \[[@B13]\], who found that greater functional ability (measured using the Disability Assessment for Dementia scale) was negatively correlated with caregiver burden for both adult-child and spousal caregivers. Both that study and the current analysis found no difference in functional ability between patients cared for by adult-child versus spousal caregivers in the univariate analysis. Our sensitivity analysis showed that instrumental ADL but not basic ADL was significantly associated with burden for both types of caregiver. Considering the four subdomains of the ADL, adult-child and spousal caregivers had a significantly higher burden with poorer scores in communication, whereas only spousal caregivers had a higher burden associated with poorer scores on household activities. Thus, spousal caregivers were impacted more by a patient\'s loss of ability to perform household chores, which would be consistent with most spouses being the sole caregiver and living with the patient and, therefore, having to undertake the household tasks when the patient was unable to perform them.

In previous studies, impaired instrumental ADL \[[@B20]\] and ADL abilities (measured using the Disability Assessment for Dementia scale) \[[@B45]\] were associated with caregiver burden. However, functional ability (ADCS-ADL score) was only weakly correlated with caregiver burden in an analysis of the CATIE-AD study \[[@B22]\]. One reason for the different findings between studies may be that the concept of ADL is closely related to MMSE severity and caregiver time, such that these variables may have a similar influence on caregiver burden. The results of the model used by Bergvall et al. \[[@B45]\] implied that part of the association between ADL abilities and caregiver burden was mediated by informal care hours. Our sensitivity analyses confirm the relationship between ADL, MMSE and caregiver time; however, the results indicate that ADL is a better explanatory variable for caregiver burden than either of the other two variables.

Research has consistently shown that AD patient behavioral problems (neuropsychiatric symptoms) have a substantial impact on the caregiver and are associated with increased caregiver burden \[[@B13],[@B14],[@B20],[@B29],[@B45],[@B46],[@B47]\]. Some of these studies have reported that caregiver burden/distress is associated with specific behavioral disturbances, but the findings vary between studies. In the GERAS study, adult-child caregivers reported significantly greater patient impairment in the NPI subdomains of psychosis, affective and apathy compared with spousal caregivers. In the regression model, greater caregiver distress due to the patient\'s behavioral symptoms (NPI distress score) was associated with greater caregiver burden in both caregiver-patient relationships. These findings suggest that treatments for reducing patient behavioral symptoms are an important therapeutic option and may not only alleviate patient suffering, but may also lead to a reduction in the perceived burden of caregivers.

Although the number of medical conditions in caregivers was not found to be significant in the burden analysis for either spousal or adult-child caregivers, when we explored caregiver depression as a specific condition it was found to be associated with burden for both types of caregiver. In a previous study, depressive symptoms were related to the burden of adult-child caregivers but not of spousal caregivers \[[@B13]\].

Our analyses identified differential factors associated with adult-child and spousal caregiver burden. Caregiver gender and age were associated with spousal caregiver burden: wife caregivers and younger spouse caregivers reported a greater burden. The gender difference in spousal caregiver burden is in agreement with previous studies \[[@B13],[@B48]\], and may be mediated by different coping strategies \[[@B48]\]. Male spousal caregivers may also receive more support from other family members or professional services \[[@B49]\]. Other researchers have found that younger caregivers can experience a higher level of burden \[[@B20]\]. Spousal caregiver burden was also greater when caring for patients with more years of education, which has not been reported previously, although the estimate for this variable is quite small for each change in burden score. Considered together with the findings on caregiver gender and age, we could hypothesize that caregivers may have expectations of patients with more years of education to fulfill specific aspects of daily living (e.g. financial or emotional aspects), and these caregivers are now struggling with their change in role and their ability to provide support for their spouse.

Our results showed that adult-child caregivers who live with the patient (26.2% of the adult-child caregiver group) had a higher burden than those who do not live with the patient, supporting the findings of Conde-Sala et al. \[[@B13]\]. One possible reason for this difference may be that caregivers who live with a parent with AD have greater difficulties in managing the situation \[[@B13]\], especially if they have family and/or work responsibilities, and may have less personal time and experience more social isolation from friends. Research into the impact of marital status in adult-child caregivers on burden may be useful to further assess this finding. Another interesting finding is the association between greater adult-child caregiver burden and whether patients had experienced a fall in the previous 3 months. Falls are common in elderly people with dementia and increase patient dependence on their caregiver for basic ADL \[[@B50]\]. More falls can also be considered a measure of worse patient physical health and can result in reduced mobility, which would be expected to lead to increased caregiver time spent caring for the patient, thereby potentially increasing the caregiver burden. In a prospective cohort study in Italy, caregiver burden was associated with the AD patient\'s risk of falling, and there was a higher risk of falls among patients whose caregivers were non-spouse and non-first-degree relatives \[[@B51]\]. These researchers speculated that caregiver emotional and psychological distress might contribute to patient falls. Although further research is needed to elucidate the causal relationship, both findings could imply that interventions aimed at reducing caregiver burden, especially among adult-child caregivers, should include training and strategies for preventing patient falls.

The analyses presented in the current article focus on the subjective emotional aspects of caregiver burden assessed using the ZBI. Other aspects of caregiver burden, such as caregiver health (physical and mental) \[[@B12]\], time spent caring or the costs of informal care \[[@B27]\], may be affected by other factors than those reported here.

Several limitations of the study must be considered when interpreting the results. First, this was a selected sample of community-dwelling AD patients and may not represent the full spectrum of caregiver burden, although patients with mild, moderate and moderately severe/severe AD were included. Second, although we have identified several patient and caregiver factors associated with subjective caregiver burden, we cannot assume causality and it remains unclear whether these factors are a cause or consequence of caregiver burden. Third, there may be some rating bias in the caregiver assessment of patient behavioral symptoms (NPI) and HRQoL (EQ-5D) as it has been shown that the health and well-being of caregivers can influence their evaluation of the patient; caregiver burden and depression have been associated with more negative assessments of these patient factors \[[@B52]\]. Moreover, the worse patient behavioral symptoms (higher NPI total score) in the adult-child caregiver cohort indicate potential selection bias, such that patients living with spouses with very severe behavioral symptoms may have already been institutionalized. Fourth, although HRQoL is a potentially important variable affecting caregiver burden, it was not well measured by the EQ-5D. We did not include EQ-5D scores in the GLMs examining factors associated with the ZBI total score because patient HRQoL is a proxy measure completed by the caregiver and so may be too complex to associate with the caregiver feeling of burden. Also, the baseline caregiver EQ-5D score has a skewed distribution, which will make any association with caregiver burden difficult to interpret. Employing a disease-specific HRQoL scale may have been more useful. In their analysis of the differences between adult-child and spousal caregivers in the perceived quality of life of patients using the Quality of Life in AD scale, Conde-Sala et al. \[[@B53]\] found that adult-child caregivers had a more negative perception of patient quality of life compared with spousal caregivers, and this was associated with greater caregiver burden and higher levels of depression in the patient.

Our study considered a broad range of potential factors that may be associated with caregiver burden. Our baseline analyses identified differential factors associated with burden that could potentially be prevented (e.g. falls) or modified (e.g. living location) to help reduce caregiver burden. As GERAS is a longitudinal study, future analysis of changes in burden and factors associated with these changes will be useful in assessing the impact of disease progression on caregiver burden.

In conclusion, our results showed differences between the burden perceived by adult-child and spousal caregivers when caring for their relative with AD. Our data, from a large study involving patients and caregivers from three European countries, are consistent with those of Conde-Sala et al. \[[@B13]\], suggesting that the previous findings in caregivers of patients with milder AD \[[@B13]\] can be extended to caregivers of patients with more severe AD. Several patient and caregiver characteristics and clinical factors associated with caregiver burden differed between adult-child and spousal caregivers, although better patient functioning (particularly instrumental ADL) and less caregiver distress due to patient\'s behavioral problems were associated with a lower burden for both types of caregiver. Our findings suggest that the needs of adult-child and spousal caregivers are different and imply that interventions that are aimed at reducing the individual caregiver burden and improving patient care should be tailored to support each caregiver depending on the caregiver-patient relationship.
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###### 

Characteristics of patients and caregivers at baseline by caregiver relationship to the patient

  Characteristic                                    Adult-child caregiver (n = 405)                Spousal caregiver (n = 985)   p value[^a^](#T1F1){ref-type="table-fn"}
  ------------------------------------------------- ---------------------------------------------- ----------------------------- ------------------------------------------
  *Patients*                                                                                                                     
  Age, years                                        81.5±6.6                                       75.9±7.5                      **\<0.001**
  Female gender                                     334 (82.5%)                                    410 (41.6%)                   **\<0.001**
  Marital status[^b^](#T1F2){ref-type="table-fn"}                                                                                
   Married                                          69 (17.0%)                                     --                            
   Widowed                                          307 (75.8%)                                    --                            
   Divorced                                         26 (6.4%)                                      --                            
   Never married                                    3 (0.7%)                                       --                            
  Duration of education, years                      9.3±2.7                                        10.9±3.2                      **\<0.001**
  Living location                                                                                                                0.83
   Urban                                            305 (75.3%)                                    751 (76.2%)                   
   Rural                                            100 (24.7%)                                    234 (23.8%)                   
  Living accommodation                                                                                                           **\<0.001**
   Alone in own home                                199 (49.1%)                                    5 (0.5%)                      
   With spouse in own home                          63 (15.6%)                                     962 (97.8%)                   
   With other in own home                           101 (24.9%)[^c^](#T1F3){ref-type="table-fn"}   4 (0.4%)                      
   Not in own home                                  42 (10.4%)                                     13 (1.3%)                     
  Number of comorbidities                           1.5±1.2                                        1.4±1.2                       0.30
  Time since AD diagnosis, years                    2.0 (2.1)                                      2.3 (2.3)                     **\<0.001**
  Experienced a fall in the last 3 months                                                                                        **\<0.001**
   Yes                                              76 (18.9%)                                     102 (10.4%)                   
   No                                               327 (81.1%)                                    883 (89.6%)                   
                                                                                                                                 
  *Caregivers*                                                                                                                   
  Age, years                                        54.1±8.1                                       73.4±8.0                      **\<0.001**
  Female gender                                     302 (74.6%)                                    579 (58.8%)                   **\<0.001**
  Marital status                                                                                                                 **\<0.001**
   Married                                          262 (64.7%)                                    984 (99.9%)                   
   Widowed                                          24 (5.9%)                                      0                             
   Divorced                                         59 (14.6%)                                     1 (0.1%)                      
   Never married                                    60 (14.8%)                                     0                             
  Lives with patient                                                                                                             **\<0.001**
   Yes                                              106 (26.2%)                                    977 (99.2%)                   
   No                                               299 (73.8%)                                    8 (0.8%)                      
  Sole caregiver                                                                                                                 **\<0.001**
   Yes                                              110 (27.2%)                                    709 (72.0%)                   
   No                                               295 (72.8%)                                    276 (28.0%)                   
  Employment status                                                                                                              **\<0.001**
   Not working                                      169 (41.7%)                                    901 (91.5%)                   
   Working                                          236 (58.3%)                                    84 (8.5%)                     
  Number of medical conditions                      0.5±0.8                                        1.3±1.2                       **\<0.001**

Data presented as means ± SD or numbers with percentages in parentheses. Percentages are based on the number of patients with data. p values in bold are significant.

Cochran-Mantel-Haenszel test (categorical variables) or GLM type III sum of squares for relationship (continuous variables). Models stratified by caregiver-patient relationship, country and MMSE severity group.

Marital status is not reported for the group of patients who were cared for by their spouse because by definition their marital status has to be married. Relationship status was collected in the RUD questionnaire, which does not specify how people who are partners/cohabiting with the patient should respond and they may be included in the spousal group with husbands and wives.

For these patients, some of the 'other' persons they live with will be the adult-child caregiver.

###### 

Clinical factors for patients and caregivers by caregiver relationship to the patient

                                                      Adult-child caregiver (n = 405)   Spousal caregiver (n = 985)   Group difference[^a^](#T2F1){ref-type="table-fn"}   
  --------------------------------------------------- --------------------------------- ----------------------------- --------------------------------------------------- -------------
  *Patient factors*                                                                                                                                                       
  ADCS-ADL                                                                                                                                                                
   Total ADL score                                    46.5±19.6                         46.4±19.5                     1.48                                                0.11
   Basic ADL score                                    16.9±5.6                          17.4±5.1                      --0.27                                              0.29
   Instrumental ADL score                             29.5±14.8                         28.9±15.4                     1.70                                                **0.018**
  ADCS-ADL subdomain                                                                                                                                                      
   Household activities                               16.8±8.9                          14.9±8.8                      2.48                                                **\<0.001**
   Basic activities                                   15.0±4.6                          15.9±4.2                      --0.72                                              **\<0.001**
   Communication                                      8.3±4.9                           9.3±5.6                       --0.52                                              0.06
   Outdoor activities                                 5.9±3.3                           6.7±8.3                       --0.70                                              0.10
  MMSE severity[^b^](#T2F2){ref-type="table-fn"}      17.0±6.0                          17.6±6.5                      --0.59                                              0.12
  ADAS-cog (1--11)[^c^](#T2F3){ref-type="table-fn"}   23.5±8.1                          22.3±7.9                      0.64                                                0.20
  NPI total score                                     17.5±17.4                         14.0±14.3                     2.91                                                **\<0.001**
  NPI subdomain                                                                                                                                                           
   Psychosis                                          3.1±5.6                           2.2±4.3                       0.82                                                **0.003**
   Affective                                          3.5±4.6                           2.7±3.8                       0.75                                                **0.002**
   Apathy                                             5.5±5.5                           4.5±5.0                       0.86                                                **0.004**
   Hyperactivity                                      5.3±7.5                           4.6±6.7                       0.49                                                0.22
  EQ-5D (by proxy)                                                                                                                                                        
   Index score                                        0.56±0.32                         0.65±0.28                     --0.08                                              **\<0.001**
   VAS                                                60.1±21.1                         64.2±20.0                     --3.5                                               **0.003**
                                                                                                                                                                          
  *Caregiver factors*                                                                                                                                                     
  ZBI total score                                     31.8±15.2                         28.1±15.1                     2.98                                                **\<0.001**
  NPI distress score                                  9.9±9.2                           8.5±8.0                       1.15                                                **0.016**
  Time spent caring, h/month                                                                                                                                              
   Basic ADL time                                     35.3±77.4                         44.4±78.0                     --10.67                                             **0.012**
   Instrumental ADL time                              59.1±77.8                         87.9±88.0                     --30.16                                             **\<0.001**
   Supervision time                                   70.7±140.5                        116.2±179.5                   --53.12                                             **\<0.001**
   Overall caregiver time                             138.1±171.3                       211.4±195.3                   --82.3                                              **\<0.001**
  EQ-5D                                                                                                                                                                   
   Index score                                        0.85±0.20                         0.79±0.22                     0.07                                                **\<0.001**
   VAS                                                78.8±17.4                         73.3±17.1                     5.94                                                **\<0.001**

Data are presented as means ± SD. p values in bold are significant. ADAS-cog = Cognitive subscale of the Alzheimer\'s Disease Assessment Scale; VAS = visual analog scale. Reduced functioning is indicated by lower scores for MMSE and ADCS-ADL and higher scores for ADAS-cog; increased impairment is indicated by higher scores for NPI; reduced quality of life is indicated by lower scores for EQ-5D; greater caregiver burden is indicated by higher ZBI scores.

Least square mean differences and p values from the type III sum of squares of the GLM, which included the factors caregiver-patient relationship, MMSE severity and country.

Model includes only the factors caregiver-patient relationship and country.

For mild and moderate MMSE severity groups only.

###### 

Factors associated with ZBI total score by caregiver relationship to patient: results from final multivariate GLMs

                                                                              Adult-child caregiver (n = 405) R^2^~DEV~ = 0.36   Spousal caregiver (n = 985) R^2^~DEV~ = 0.43                                        
  --------------------------------------------------------------------------- -------------------------------------------------- ---------------------------------------------- ------------- ------- -------------- -------------
  Intercept                                                                   38.30                                              33.22; 43.39                                   \<0.001       45.68   36.83; 54.52   **\<0.001**
                                                                                                                                                                                                                     
  *Patient factors*                                                                                                                                                                                                  
  MMSE (ref.: moderately severe/severe AD)[^a^](#T3F1){ref-type="table-fn"}                                                                                                                                          
   Mild AD                                                                    2.06                                               −1.51; 5.62                                    0.26          1.97    −0.39; 4.32    0.10
   Moderate AD                                                                2.65                                               −0.66; 5.96                                    0.12          1.72    −0.38; 3.82    0.11
  ADCS-ADL total score                                                        −0.15                                              −0.23; −0.07                                   **\<0.001**   −0.28   −0.33; −0.23   **\<0.001**
  Years of education                                                          --                                                 --                                             --            0.37    0.13; 0.60     **0.002**
  Living in a rural location (ref.: urban)                                    −3.08                                              −5.95; −0.21                                   **0.035**     --      --             --
  No falls in the past 3 months (ref.: at least one fall)                     −4.21                                              −7.41; −1.01                                   **0.010**     --      --             --
                                                                                                                                                                                                                     
  *Caregiver factors*                                                                                                                                                                                                
  Caregiver female (ref.: male)                                               --                                                 --                                             --            2.79    1.25; 4.33     **\<0.001**
  Caregiver age                                                               --                                                 --                                             --            −0.25   −0.34; −0.15   **\<0.001**
  Caregiver does not live with patient (ref.: lives with patient)             −3.27                                              −6.29; −0.26                                   **0.034**     --      --             --
  NPI distress score                                                          0.74                                               0.60; 0.89                                     **\<0.001**   0.75    0.65; 0.85     **\<0.001**
  Country (ref.: UK)[^a^](#T3F1){ref-type="table-fn"}                                                                                                                                                                
   Germany                                                                    −2.86                                              −5.93; 0.20                                    **0.07**      −2.97   −4.68; −1.26   **0.001**
   France                                                                     −2.90                                              −5.87; 0.06                                    **0.06**      4.32    2.41; 6.22     **\<0.001**

Where the cells are blank, the variable was not entered into the final model for that group of caregivers (p \> 0.05 in univariate analysis). A negative estimate indicates a lower caregiver burden compared with the reference category (for categorical variables) or as the value increased (for continuous variables). p values in bold are significant. CL = Confidence limit.

MMSE and country were forced into the final models.
